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HON. COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C. 20231 

SIR: 

Now comes Shirley LONGACRE-ANDRE who deposes and states: 

1 . That I am a graduate of University of California at San Francisco, California, U.S.A. and 
received my PhD. Degree in the year 1976. 

2. That I have been employed by CNRS for 20 years as a Researcher. Attached hereto is my 
Curriculum Vitae. 

3. 1 am an inventor of 09/125,031 and am familiar with the prosecution history thereof. 

4. The following experiments were conducted by me or under my direct supervision and 
control. 

5. The following experiments demonstrate that the native P. falciparum has a GC content of 
33% whereas a synthetic P. falciparum sequence made according to the disclosure in the present 
application has a GC content of 54%. Furthermore, the following experiments demonstrate that the 
protein encoded by the synthetic sequence shows significantly more 



reactivity with hyperimmune antisera than the native sequence. 

6. The nucleotide sequences of Plasmodium falciparum pi 9 as shown in Figure 1A 
of the present application (reproduced as Figure 1 in the accompanying figures) have a GC 
content of 33% (native gene-PF19) and 54% (synthetic gene*Bacl9). 

7. Recombinant baculoviruses were constructed by inserting the native sequence 
from the Uganda-Palo Alto strain of P. falciparum or the synthetic sequence (as described in 
the present specification) of the C-terminai portion of the Merozoite Surface Protein 1 (MSP 
1) of P. falciparum from asparagine 1613 to serine 1705. In addition, the baculovirus 
constructs included sequences coding for Met 1 to Asp 32 from P. vivax, which serves as a 
signal sequence to mediate secretion or surface expression in baculovirus expression systems. 

8. Cultures of $9 insect cells were infected with the recombinant baculovirus 
containing either the native or the synthetic P. falciparum sequences and cultured to allow 
expression of the sequences. Three days after infection, the infected cells were harvested and 
the resultant cell lysates separated by electrophoresis on 15% SDS-PAGE gels under reduced 
or non-reduced conditions, The gels were analyzed by immunoblot with a 1 :75 dilution of 
hyperimmune sera obtained from a pool of 13 antisera derived from P. falciparum 
hyperimmune donors. The results of these experiments are shown in the accompanying 
Figure 2. 

9. The immunoblot data show a lower prominent band migrating in only in those 
infected cell lysates derived from the synthetic baculovirus contracts (compare lanes 61-64 
and 71-74 corresponding to the synthetic gene with lanes PI and P5 corresponding to the 
native gene). The results show that cells infected with recombinant virus containing the 
synthetic P. falciparum MSP1 sequence from each of 8 individually isolated baculovirus 
plaques (Nos. 61-64 and 71-74) exhibited significantly more reactivity with the 
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fal ciparum gene PE 
' the codon was 



igure i. Qmwmton of th r ^nr - nw* of ftr *mv n\ pope Par H ;g jjO^^ 

* 0f ? New codons 
haneed in 55 codons and the first and third nucleotides were cnangea in o% uk * . 

/ere added at the beginning to provide the signal sequence and to add an Era RI "^P 1 ™"* \T\ toZS 

rop codons not ptcient in the >. jfafc«wJ -molecule were to terminate the JJ^J^gS? 

6ove the codonsrepresent the amino acid encoded by the codon; in each casei foe taMteft 

Tkipamm codon is the same as that indicated for the corresponding Bac 19 codon. £ ^ < > ™ lcates a 

top codon. The vertical tines indicate the nucleotides that are the same m the two gene sequences. 



EFN I SQHQCVKKQC P B M 
lac 19 OAA TTC AAC ATC TCG CAG CAC CAA TGC GTG AAA AAA CAA TGT CCC GAG AAC 

III || || || III III III II HI IN HI HI I' 11 11 
,p 19 AAC ATT TCA CAA CAC CAA TGC GTA AAA AAA CAA TGT CCA GAA AAT 

SGCFRHLDEREBCKC L l» 
iac 19 TCT GGC TGT TTC AGA CAC TTG GAC GAG AGA GAG GAG TGT AAA TGT CTG CTG 

I I I I I III III III i I II II II III 'I II M 1 1 M 1 1 1 ' ' 
>p 19 TCT GGA TGT TTC AGA CAT TTA GAT GAA AGA GAA GAA TGT AAA TGT TTA TTA 

NYKQEGDKCVENPNPTC 
19 AAC TAC AAA CAG GAG GGC GAC AAG TGC GTG GAG AAC CCC AAC CCG AGC TOT 
0 || IN Ml l| II II H II M H I' ■' 11 11 11 I' 111 

?P 19 AAT TAC AAA CAA GAA GGT GAT AAA TGT GTT GAA AAT OCA AAT CCT ACT TGT 

NENNGGCDADAKCTEED 
toe 19 AAC GAG AAC AAC GGC GGC TGT GAC GCA GAC GCC AAA TGC ACC GAG GAG GAC 

III II II II I I II III II IN II Ml IN I I "I I' 

?F 19 AAC GAA AAT AAT GGT GGA TGT GAT GCA GAT GCC AAA TGT ACC GAA GAA GAT 

SGSNGKKITCECTKPDS 
Sac 19 TCG GGC AGC AAC GGC AAG AAA ATC ACG TGT GAG TGT ACC AAA CCC GAC TCG 

II I! Ill III II III III III II IN M Ml II IM II 'I II 
PF 19 TCA GGT AGC AAC GGA AAG AAA ATC ACA TGT GAA TGT ACT AAA CCT GAT TCT 

YPLFDGIF-CS** 
Bac 19 TAC CCG CTG TTC GAC GGC ATC TTC TGC AGC TAA TAA 

I I I I I I Mill I I II III III M 
l'P 3.9 TAT CCA CTT TTC GAT GGT ATT TTC TGC AGT 
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WOUCXia^ lUree days after infection with an excess of recombinant baculovirus the infected 
SDS ^.JS?*?* W f hed ^ hos P hate buffered saline (PBS) and resuspended in PBS and 
run oS 1 1% ^Tt? f MS s*™? 1 *^* Wlth and without 2-mercaptoethanol. The samples were 
ZSra Sol o^! 3 doL«f and imi " unoblotted wi * • 1:75 dilution of hyperimmune human 



afte — — — 




'9 



K Ore/*** Serf**- Os) 



Shirley LONGACRE- ANDRE 
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Birth : 2 May 1946 in Washington, D.C., U.S,A. 
Nationality ; American and French 
Married, 4 children 
Present address : Unitd dlmmunologie des Parasites, URA CNRS 1960 

Immunology Department 

Pasteur Institute 

75724 Paris, France 

University Degrees 

Bachelor of Arts in Biology, Rice University, Houston, Texas, U.S.A. (1968) 
Doctor of Philosophy in Biochemistry, University of California, San Francisco 
U.S.A. (1976) 

Research Positions 




1973-1975 : Teaching Assistant, University of California, San Francisco 

1976-1979 : Assistante de recherche, Univer$it6 de Gen&ve 

1980- 1981 : Attache de Recherche au CNRS 

1981- 1999 : Charg^e de Recherche lere classe au CNRS 
1999- Directeur de Recherche 2eme classe au CNRS 

Research Laboratories 

1969- 1970 : Molecular Biology Institute, University of California, Los Angeles, 

Director: PaulBoyer 

1970- 1976 : Department of Biochemistry, University of California, San Francisco, 

U.S. A. 

Director: William J, Rutter 
1976-1979 : D6partement de Microbiologic, Universite de Genfeve 

Directeur : Bernard Mach 
1979-1984 : Unit6 dTmmunoparasitologie, Institut Pasteur, Paris 

Directeur : Harvey Eisen 
1984-1987 : Unite d'Immunog6n6tique Cellulaire, Institut Pasteur, Paris 

Directeur : Jacques Theze 
1989-1995 : Unit6 dloraiunoparasitologie, Institut Pasteur, Paris 

Directeur : Michel Rabinovitch; Luiz Pereira da Silva 
1995-1998 : Unit6 de Parasitologie Experimental, Institut Pasteur, Paris 

Directeur : Luiz Pereira da Silva 

1998- 1999 : Unitd de Biologie des Interactions H6te-Parasite, Institut Pasteur 

Paris 

Directeur : Catherine Breton 

1999- Unit6 dlmmunologie Moldculaire des Parasites 
Directeur : Odile Puijalon 
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In re Patent Application of 
Shirley LONGACRE-ANDRE at al 
Serial No. : 09/129,031 

Filed: March 10, 1998 

For: RECOMBINANT PROTEIN 

CONTAINING A C-TERMINAL 
FRAGMENT OF PLASMODIUM 
MSP-1 




Group Art Unit; 1041 
Examiner : Grvn, J. 



DECLARATION REGARDING DEPOSIT OF MICROORGANISMS 



I, Madame Danielle Bsmeman, do hereby declare that 

1 . I am a citizen of France. 

2. I am the Head of me Department of Patents and Inventions at Instttut 
Pasteur, 25-28 rue du Or. Roux 75724 Paris Cedex 15 France, to whom 
this application has been partially assigned. Ae Head of the Department of 
Patents and invention*, I em responsible for protecting the patent rights of 
Insfftut Pasteur, 

3. Although this application was also assigned to New York University, I wee 
the person responsible for overseeing the deposit of microorganisms. 



4. The microorganisms PvMSP1p19A, PvM5P1p19S, PfM&P1p19A, 
PfMSP1pl9S and PeMSP1pl9S, which are disclosed on page 30, lines & 
to 17 of this application and the hybridoma G 17.2 set forth on page 21, 
lines 11-14 were deposited as set forth below with the Collection Nationals 
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do Cultures do Microorganisms fC.N.C.M,") of Insfflul Pasteur to assure 
availability of those microorganisms to the'oubflc: 



Microorganism 



Accession Number 



Date of Deposit 



PvMSP1p19A 
PvMSP1p19S 
PfMSPlp10A 
PfMSP1p19S 

pcMSPipies 

Hybridoma G17-12 



1-1659 
1-1680 
1-1661 
M662 
MS63 

1-1846 



February 1. 1986 
February 1, 1908 
February 1. 1986 
February 1, 1998 
February 1, 1996 
February 14, 1997 



5. The C.N.C.M. has acquired the status of International Depository Authority, 
within the moaning of the Budapest Treaty on the International Recognitor) 

" of the Deposit of Microorganisms for the purposes of Patent Procedure, for 
deposits of bacteria, bacteria containing plasmlds, filamentous fungi, 
yeasts and viruses. For deposits of microorganisms and other animal calf 
lines, the C.N.C.M. is a recognized depository Institution under Rules 28 
and 26a of the Implementing Regulations to the Convention on the Grant of 
European Patents. 

6. The C.n.cm. has agreed with Instttut Pasteur, In consideration of the 
payment of a lump sum service charge, to maintain the above-rnerrtToned 
microorganisms and hybrfdoma and any information thereto and to their 
deposits In accordance with the Budapest Treaty for 30 years from the date 
of deposit or for the enforceable life of any patent to issue from this 
application or for 5 years after the last request for these microorganisms, 
whichever is longer. 



7, Att requirements of the C.N.C.M. for maintenance of the above-mentioned 
microorganisms and hybridoma during the time periods end under the 
conditions set forth In paragraph 6, above, have been fulfilled by Instttut 
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Pasteur, fn this regard, the required lump sum service charge for 30 years 
maintenance of the above-mentioned microorganisms and hybridoma and 
for first testing of the viability thereof were paid upfront by instftut Paeteur 
at the time those microorganisms and hybridoma wore deposited. 

8, It is believed, therefore, that Instftut Pasteur has taken all steps required to 
have their deposits of the abova-ment(on<?<i microorganisms and 
hybridoma maintained by the C.N.C.M, for the following terma: for 30 years 
or for the enforceable Hfe of any patent after the last request for a sample 
of cultures, whichever (a longer. 

9. The C.N. CM. has also ogreod with Inatitut Pasteur to allow access to the 
above-mentioned microorganisms and hybridoma during the term set forth 
In paragraph 6, above, and also during the pendency of thla application to 

' anyone determined by the Commissioner to be entitled thereto under 37 
■ C.F.Rv §1.14arrd35U,S.C. § 122. 

lO.lnetltut Paeteur has committed Itself for a period of at least 30 yean? to 
replace at the C.N.C.M. the above-mentioned microorganisms and 
hybridoma, should they happen to mutate or die, ft befng understood that 
any replacement for these microorganisms and hybridoma would have the 
same features as those already deposited. 

It. The> C.N.C.M. has agreed with Instttut Pasteur to remove irrevocably eK 
restrictions on the availability to the public of the above-mentioned 
microorganisms and nytunioma upon granting of a patent from this 
application, 

I also declare that all statements made' heroin of my own knowledge are 
true and that all statements made on Information and belief are believed to 
be true; and further that these statements were made with the knowledge 
that willful falsa statements end the like so made are punishable by fine or 
imprisonment, or both, under Section 10Q1 of Tittle 16 of the United States 
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Code and that such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 



fag* 



Date Madame Dantell? Bememan 
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NCB1 



PubMed 



:0t TC^GGa" 



Nucleotide 



___htWTl^Jzrt 7'CGCATACCT 




ATTATATAOCTCv-^* '.■>-. f 



Protein 



Genome 



Structure 



PopSet 




Jl : • Plasmodium vivax m...[gi:l60454J 



PubMed, Protein, Related Sequences 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 

REFERENCE 
AUTHORS 
TITLE 



JOURNAL 
MEDLINE 
FEATURES 

source 



i do 



CP:- 



PFAMSA1G 5181 bp DNA INV 07-MAR-1995 

Plasmodium vivax merozoite surface antigen 1 (MSA1) , complete cd 
M60807 

M60807.1 GJ; 160454 

merozoite surface antigen 1; parasite antigen. 
Plasmodium vivax (strain Belem) DNA* 
Plas m odium viv ax 

EuTaryota; Alveo^ata; Apicomplexa; Haemosporida; Plasmodium. 
I (bases I to 5181) 

del Portillo,H.A,, Longacre,S«, Khouri,E, and David, P. H.- 
Primary structure of the merozoite surface antigen 1 of Plasmodx 
vivax reveals sequences conserved between different Plasmodium 
species 

Proc. Natl. Acad. Sci . U.S.A. 88 (9), 4030-4034 (.1991) 

Location/Qua! i tiers 
1. .5181 

/organism^ "Plasmodium vivax" 
/straiii**"Be3em" 
/db xref- tf taxon:58b5" 
I..5l 

/gene="Pv20U" 

/product=' , merozoite surface antigen 1" 
1, .5181 
/gene= n Pv^0O ,! 
/codon_star t=l 

/product- ,f merozoite surface antigen 1" 
/protein id^ A/iAG 3 4 27 - 1 " 
/db xref^ ,I Gl:294l69" 

/ 1 ransla t A on- " MKALLFFFS FI FFVTKCQCETES YKQLVAN VDKLEALVVDG 
i'HKKKLGENDlKVDANANNNNNNQVSVLTSKIRNFVGKSliELQXPGHTDLLHLIR 
FEPNGIKYLVESYEEFNQLMHVINFHYDLLRANVHDMCAHDYCKIPEHLKISDKE 
J-KKVVLGLWKPLDNIKDDIGKLETFITKNECETISNINKLISDENAKRGGOSTNTT 
GAQNNAAQGSTGNTETGTRSSASSNTLSGGDGTTVVGTSSPAPAAPSSTNEDYDE 
lYQAMYNGlFYTSQLEEAgKLIEVLEKRVKVLKEHKGlKALLEOVEAEKKKLPKD 
NRPLTDEQQKAAC>KKIADLESQ1VANAKTVNFDLDGLFTDAEELEYYLREKAKMA 
TIPESTKSAGTPGKTVPTLKF.TYPIIGISYALAENSIYELIEKIGSDETFGDLONP 
KQPKKGILINETKRKELLEKIMNKIKIEEDKLPNLKKELEEKYKVYEAKVNEFKP 
HFYEARLDNTLVENKFDEFKT?CREAYMEEKKKLESCSYEQNTNLINKLKKQLTYL 
VLRKDIADDF-IKHFSFMEWKLKSEIYDLAQEiRKNENKLTVENKFDFSGVVEGQV 
LIIKKIEALKNVQNLLKNAKVKDDLYVPKVYNTGEKPEPYYLMVLKRElDKLKDb 
1ESMIATEKAKPAASAPVTSG0LLRGSSEAATEVTTNAVTSEDQQ0QQQQQQQPQ 
QQOWOOQSQVVPAPAGDAQQVXSTWPTSQSAAPGVSATPAPTPAAAAAPAPAMS 
YLEKLLDFLKSAYACHKHIFVTNSTMDKKLLKEYET.NADEKTKINQNKCDELDLL 
QNNLPAMYS1YDSMSNEL0NLYIELYQKEMVYNTYKNKDTDKKIKAFLETSNNKA 

AQS AAK PSGQAE Y Y S SN DNC ASNHNN S YSKS PN 1 SCNKHTS T PQAEENQRVGGNS 
PEADTAOVEKFYDKHLSgiUKYNDYFKKFLESKKEEIIKMDDTKWNALGKElEEL 
LQVST.DHYGKYKLKLERFLKKKNKISNSKD01KKLTSLFCNKLERRQNLLNNPTSV 
YTAFFNKKRETEKKEVENTLKNTE1LLKYYKARAKYY1GEPFPLKTLSEESMQKE 
LNLEKFRCSADWKEIRKDTyLERSNISYLSSGLLHVLDRAEElINDKKYSGKDHA 
AEVKKALQAYQF-LIPKVTSQE5TSVAVTVPGAVVPGVPTAAAAGSGASGAVPPAA 
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3241 
3301 
3361 
34 21 
34tU 
3!>41 
3601 
3661 
37X1 

:v?8i 

3901 

3961 

4 021 

4 081 

4141 

4201 

4261 

4321 

43B1 

4 441 

4501 

4li61 

4 621 

4681 

4741 

4tt01 

4861 

4921 

4981 

5041 

5101 

5161 



aacccaacaa 

aagaaggagg 

cgtgccaaat 

cagaaggagg 

attaggaaag 

cacgtccttg 

gcgaagaaca 

gtaacctctc 

gtaccaacag 

goaggatcag 

ggaggagtag 

gactacgccg 

gacggggagg 

gtgcoageag 

aaaaegataa 

aLgttagact 

aacccattta 

gacttggaga 

aaggat.ctgg 

aagacgcact 

gaagatgata 

Icgatggcca 

gogtacgagt 

aacaactgcc 

aacaagatgg 

r.ct tctggt-c 

gaaatattat 

acatgtatag 

gaagaatgga 

aatgtgactt 

gacagcaata 

gttttctgta 

etcctgtgca 



gtgtgttgaa 

tggaaaatac 

at tatatagg 

acaectaoct 

acactgaat t 

acagagctga 

ttgcggaagt 

aggaaagcac 

caguagccgc 

gagcatcagg 

taccaggagt 

aggactacga 

aagaccaayt 

gaatcagcga 

agaagcaatt 

ctagactgaa 

agtattcacc 

agaagaagaa 

ccaccgcgaa 

tgactgcagt 

agattaaaaa 

aaaaggccga 

ccctcgtgag 

agctggagaa 

atgagaagtt 

ttctggaaaa 

cqcagctgct 

acaccaatgt 

gatgottgtt 

gtaaggataa 

aaatcgtctg 

gctcctccag 

tggagcttta 



aaattacacc 

ccttaagaat 

agagcccttc 

caacttagaa 

ggaaaggagc 

agaaattatc 

taagaaagcg 

atccgtggca 

aggatcagga 

cgcagtacca 

agtagaatca 

caaagtaatc 

aacaacggga 

ttacgatgtg 

ggaaaatcac 

gaagagaaac 

atctggtgag 

gcttutaggc 

tgatggcgtg 

gaacgaagag 

gataggaagt 

gctggagaag 

caaggtgaac 

aaaggaagcc 

ggaggagtac 

attgatgaaa 

aaatgtgcaa 

gcctgataat 

aacctttaaa 

caatggtggt 

taaatgtaca 

cttcctaagc 

a 



gcttttttca 

accgagattt 

cctctgaaga 

aagtttcggt 

aacataagct 

aacgacaaga 

ttgcaggcct 

gtaacagtac 

qcatcaggcg 

ccagcaggag 

gcagaagcac 

gcgctgcccc 

gaggcagaat 

gtctacttaa 

gtaaacgcat 

tacttcttag 

tacatcatta 

agctacaagt 

acctactaca 

gttaagaaag 

gatagcacta 

tacctcccgt 

acctacacag 

qagatcactg 

aaaaaatcgg 

tcaaaattga 

actcagttat 

gcagcctgct 

gaagaaggcg 

tgtgcccctg 

aaagaaggtt 

ttgtccttct 



acaaaaagag 

tgctgaagta 

ccttaagtga 

gctcagcaga 

acctgtccag 

aatactccgg 

accaagaatt: 

caggagcagt 

cagtaccacc 

gaccatcacc 

aaacaaaagc 

tgtttggcaa 

ctgaggcgcc 

agccat tagc 

ttaacactaa 

aagttctgaa 

aggacccata 

acatcggtgc 

acaagatggg 

tcgaagctga 

aaactactga 

tcctgaatag 

acaacctaaa 

taaagaaatt 

agaaaaaaaa 

ttaaagaaaa 

taactatgag 

ataggtactt 

gcaagtgtgt 

aagctgaatg 

ctgagccact 

tgttgctcat 



agaaacagaa 

ctataaggca 

agaatcaatg 

ttggaaggaa 

tggactgctc 

taaagaccac 

gatccccaaa 

agtaccaggc 

agcagcagcc 

accagcaaca 

acaagcgcag 

caacgatgac 

tgagatcctc 

cggaatgtac 

cataacggat 

ctctgatttg 

caagctgctc 

atcgatcgac 

ggagctctac 

tattaaagca 

aaagacccaa 

cctccaaaag 

aaaagtcatc 

gcaggactac 

tgaagtgaag 

cgagtccaag' 

ctccgagcac 

ggacggaatg 

gccaggatcg 

taaaatgacg 

ctttgagggc 

gttgcttttc 




Revised: May 10, 2000. 
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SGASGAVPPAGGPS PPATGGWPGVVESAEAQTKAQAQDYAE DYDKVI AI.PLFGN 
DGEE DQVTTGEAES EAPE ILVPAGIS D YDV VYI/KPLAGMY KT I KKQLEN H VNAB"N 
TDMLDSEU^KKHNYEXEVLNSDLNPFKYSPSGEYIIKDPYKliLDLEKKKKLLGSYK 
AS1DKDIATANIX^YYNKMGEX,YKTHLTAVNEEVKKVEADIKAEDDKIKKIGSD 
TTEKTQSMAKKAELEKYLPFLNSLQKEYESLVSKVNTYTDNIjKKVINNCQI-EKKE 
TVKKLQDYNKMDEKLEEYKKSEKKNEVKSSGLLEKLMKSKLIKENESKEILSQI^ 
TQLLTMSSEHTCIDTNVPDNAACYRYLDGMEEWRCLLTFKEEGGKCVPGSNVTCK 
GGCAPEAECKMTDSNKI VCKCTKEGSE PLFEG VFCS SSS FLSLS FLLLMI*I*FLLC 
n 

ggrife 1 ■ ' 5181 

/gene«- n Pv200" 
mat p epr. i.de 52.. 5178 
/qene="Pv200" 

/product^merozoite surface antigen 1" 
BASE COUNT J 910 a 1106 C 1145 g 1020 t 

ORIGIN ftt a tactcttttt cttctctttc atttttttcg ttaccaaatg tcaatgtgaa 

61 aeagaaaqtt ataagcagct tgtagccaac gtggacaagt tagaagcgct c 9tggtggoc 
121 ggctacgagc tcttccacaa aaaaaagtta ggagaaaatg atattaaggt agatgctaat 
181 gcaoataata ataataacaa tcaggttago gttttaactt ccaaaataag aaatttcgtg 
241 ggcaagttt-t tgqagctaca aattcctgga cataccgact tgctacacct gataagagaa 
30] ttggcctttg aacccaatgg gataaaatac cttgtggaga gctacgaaga attcaatcaa 
361 ctgatgcacg tgatcaactt ccactatgat ttgttgaggg cgaacgtcca cgacatgtgt 
4 21 gcccatgatt attgcaaaat accggagcat ctaaaaatct ctgacaaaga gctggacatg 
4 81 ctgaagaaag ttgtgctggg attatggaag cccttggaca acataaagga cgatattgga 
541 aaattggaga ccttcatcac taaaaacaag gaaacaataa gcaatataaa caagt-taart 
601 agtgatgnga atgctaaaag gggaggccaa tccaccaaca egactaatgg ccccggagcg 
661 caaaacaatg ctgctcaagg ttcaacaggc aatactgaaa caggtactcg aagttctgct 
721 tcatctaaca ctctctcggg tggcgatggt acgacggtcg taggaacatc ttctcoagca 
781 cctgctgctn catcttcaac aaatgaagac tacgacgaga agaaaaaaat ctaccaagcc 
841 atqtacaacg gcatatttta cacgagccag ctggaggagg cgcaaaagtt aatcgaagtc 
901 ctggagaago gcgtgaaagt gctgaaggag cacaaaggca tcaaggcgct actcgaacag 
961 gtcgaagcag aaaagaaaaa gcttccaaaa gataatacca ccaatcgacc cctcactgat 
1021 gaacaacaqa aagcagccca aaagaaaatt gccgacctag agagtcaaat cgtagccaac 
1081 gccaagacgg tgaacttcga cctggacggt ctgtttacgg acgcagagga gttggagtac 
1141 tacttgaggg agaaggcaaa gatggecggc acyctaatca tcccagaaag caccaaatca 
1201 gcaggcaccc ctggaaagac agttecaacc ctgaaagaga cctacccaca cggaataagu 
1261 tacgctttag cagaaaacag tatttatgaa ctgatagaaa aaattggatc tgatgaaaca 
1321 tttggtgalt tgcaaaatcc agatgatgga aagcaatrcga agaagggaat cctoattaat 
1381 gaaacaaaga ggaaagaatt gctggaaaaa attatgaata aaattaagat agaagaagac 
1441 aadttgccca acctaaaaaa agaattggag gaaaaatata aggtgtacga ggcaaaggtt 
1501 aatgagttca aaccagcatt taatcacttt tatgaggcaa gactggacaa cacccttgtt 
l'SGl gaaaacaaat ttgatgaatt taaaaccaaa agggaggcat atatggagga gaagaaaaaa 
1621 ctagogagot gctcctacga acagaacacc aat-ctgatta aoaagttgaa ^aaacaactg 
1681 acctacmgg aggactacgt gttaagaaaa gacatcgccg acgatgaaat taaacacttc 
1741 agtttcotgg agtggaaatt aaagagcgaa atttatgatc tagcccagga aatccgaaaa 
3801 alcgaaaaca agcieaccgt tgaaaacaaa ttcgacttot o-cggggttgt ggaaggacaa 
1B6] gtacaaaagg tattgataat caaaaaaatt gaggctetaa agaatgtcca gaatcttctt 
1921 aagaatgcca aggtgaagga cgacctgtac gttccaaagg tgtataatac aggcgagaea 
1981 cctgagccct aotacttgat ggtcctcaaa agggaaattg acaagttgaa ggacttcatc 
2041 cccaaaatcg agagcatgat cgccactgag aaggccaagc cggcagcgtc agcgccagtg 
2101 accagtggac aattgcttag aggatcaagc gaagcagcga cagaggtcac aaccaatgcg 
2161 gtaacatctg aagatcaaca acaacaacaa caacaacaac aacaacaaca acaacaacaa 
2221 cagcaacanc agcaacaaca acaatcacaa gtagtaccag cacctgcagg agatgcccaa 
2281 caagtaatct caacacaacc gactagtcaa tccgcageac caggcgtatc agccacacca 
2341 acaccaacac ctgctgccgc agccgcccca gcaccagcca tgtccaaact ggaataccrc 
2401 gaaaagctcc ttgatttttt aaaatccgct taogeatgtc acaogcacat ^ttcgtaacc 
2461 aactccacca tggacaagaa actactcaaa gagtacgaac ttaacgctga tgagaaaaco 
2521 aaaattaatc aaaacaaatg cgatgaattg gacctcctot tcaatgtcca 9« a ° a «°"J 
2S«1 ccogcuatqt actccatata tgactccatg agcaacgagc tgcagaatct ttacattgag 
2641 ctgtaccaga aggaaatggt ttacaatata tataagaaca aggacacgga caagaagatt 
2701 aaggctttcc tggaaacatc caacaacaaa gcggctgctc ctgctcagtc agcggcaaaa 
2761 rcuagcggtc aagcggagta ctactccagt aacgacaact gcgccagtaa ccacoacaac 
agttactcoa aqtccccaaa eatcagttgt aacaagcaca cctctacacc ccaagcagaa 
2881 qaaanccaao gcgtgggagg taacagcgag gagaaacccg aagccgacac tgcgcaagtg 
2941 gaaaemtttt aogacaagca cctatcccaa attgauaagt acaacgatta tttcaagaaa 
^001 ttccttgaat ccaaaaaaga ggaaatcatc aa»atggatg atacaaagtg gaatcjcacta 
3061 gqLaaagaaa ttgaggaact gaagaagaag ctacaogtat ctctggacca ctatggaaag 
41 21 cacaagctca aattggagag gttcctcaaa aagaagaata aaatctctaa cagcaaggat 
3J81 caaaltaaaa agctcaccag tttgaaaaac aaartggaga gaagacaaaa tctqftgaat 
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Preferential expression of a synthetic Plasmodium falciparum gene with altered codons in , 

baculovirus 

By Shirley Longacre and Charles Roth 

The object of the experimentation and results presented here was to test the hypothesis 
that gcnos derived from Plasmodium falciparum are generally not well expressed in baculovirus 
owing to an important divergence in codon usage between the two organisms* In this context we 
constructed two types of genes encoding the CMeiminal portion of the Merosoite Surface Protein 
I (MSP1) of P. falciparum from asparagine 1613 to serine 1705, One gene was prepared by 
using PGR and appropriate short oligonucleotides to make a direct copy from the DNA of the 
Uganda-Palo Alto (FUP) strain of P . falciparum (Chang et aL, Exp. Parasit 67,1; 1989)-- A 
second type of gene was constructed from five long overlapping synthetic oligonucleotides (84- 
87 bases) using PCR. This gene encoded the same amino acids as the first type but its codon 
usage was adjusted to reflect baculovirus codon preferences as determined by the analysis of 
baculovirus genes previously reported in the literature. 

In addition to the 93 amino acids between Asn 1613 and Ser 1705 of P. falciparum 
(FUP) MSP1, each type of gene construct included sequences coding for Met .1 to Asp32 derived 
from Plasmodium vivax (Belem strain) DNA (del Portillo et aL, P.N.A.S. 88 t 4043; 1991) 
followed by Glu-Phe derived from the EcoRl linker used to construct the hybrid genes as 
detailed by Longacre et at (MoL Biochcm, Parasit, 64 7 191; 1994). The P. vivax derived 
sequence contained ^..signal sequence which was previously* Shown to function well in the 
baculovirus system to mediate secretion or cell surface expression of similar recombinant 
proteins from P, vTvax (Longacre et aL, op. cit)« 

Figure 1 shows the sequence of our synthetic gene as well as the corresponding native P. 
falciparum sequence. The GC content of the native and synthetic P. falciparum s^uences are 
33% and 54% respectively, The synthetic gene contains 57/93 or 61% codon changes compared 
to the native gene. 

Figure 2 shows immunoblots of reduced and non reduced cell iysates derived from Sf9 
insect cells infected with recombinant baculovirus containing cither the native or synthetic P. 
falciparum sequences. Immunoblotting was done using a pool of 13 antisera derived from P - 
falciparum hyperimmune donors. T he results show that cells infected w it h reco^m aitt virus 
staining ^mmW^dm^m^S^m^^ from each of 8 individually isolated 



ogta^ 

baculovirus plaques (6i-4- 7i_4> show significant! 



glaqucs (6 j~4; 7 show significantly more reactivity with the hyperimmune 
antisera than cells infected with 2 different recombinant virus isolates containing the native P . 
falciparum sequence (Pi # P5). The changes in migration of the non reduced recombinant protein 



